Lipase preparations from 19 animal species, representing nine of the animal phyla, were studied. Acetone powders were prepared from the pancreas, hepatopancreas, gastrointestinal tract or whole animal, and the preparations were screened for lipolytic activity by tributyrin agar clearing. The pH optimum of each preparation was determined by using both tributyrin and corn oil emulsions. The positional specificity at the pH optimum of each lipase preparation was determined from the fatty acids released by a 2-5 rain reaction with cocoa butter and lard. The vertebrate lipases behaved analogously to hog pancreatic lipase by showing a high specificity for the 1 and 3 positions of long Chain triglycerides. Invertebrate preparations that did hydrolyze long chain triglycerides did so randomly, with no strong positional or fatty acid specificity.
INTRODUCTION
The 1,3-positional specificity of pancreatic lipase has offered an almost ideal means for investigating the external fatty acid chains in triglycerides (1, 2) . ObviOusly, there would be an advantage in having a number of lipases, each of which possessed a particular positional or fatty acid specificity.
Lipases have been found in many species of animals, plants and microorganisms (3) . In general, the lipases that have been investigated attack glycerides randomly or show the 1,3-positional specificity characteristic of hog pancreatic.lipase. The exceptions reported are a plant lipase, isolated from the oat pericarp (4, 5) , and a lipase isolated from the mold, Geotrichum candidum (6) . The oat lipase was reported to have a high specificity for the 2 position of tributyrin (4) , while the Geo- trichum candidum lipase was shown to be specific for fatty acids containing cis-9-unsaturation, regardless of its position in the triglyceride molecule (7) .
Our study was undertaken with the hope of isolating lipases that would be useful in elucidating glyceride structure. To be systematic, the study was made of the digestive lipases in organisms selected from the phyla of the animal kingdom.
EXPERIMENTAL PROCEDURES

Animal Lipases
Mammalian and shark pancreatic glands were obtained through the Iowa State University Veterinary Diagnostic Laboratory; from PelFreez Biologicals, Inc., Rogers, Ark.; or from the Harborton Marine Laboratory, Harborton, Va.
Invertebrates were obtained live from either Pacific Bio-Marine Supply Company, Venice, Calif., or the Lemberger Co., Oshkosh, Wisc.
The digestive glands, gastrointestinal tract, or whole animal was used as a lipase source.
The tissues were homogenized in a Waring Blender and mixed with an equal volume of cold acetone to prepare stable acetone povr (8) .
Tributyrin Agar Clearing
The acetone powders were screened for lipolytic activity by using tributyrin agar clearing. The plates and agar (without emulsifier) were prepared according to the procedure of Ellinghausen and Sandvik (9) . For the assay, 10 mg of an acetone powder were mixed with 1.0 rnl of 0.025 N ammonium hydroxide (8) . The enzyme suspensions were serially diluted (1:1 until a final dilution of 1:4096 was obtained. With a Warburg pipette, 0.025 ml of each dilution was delivered into individual wells cut in chilled tributyrin agar with a No. 3 cork borer. The agar plates were incubated for 48 hr at 37 C. Tributyrinase activity was detected by a zone of clearing around each well. The last dilution capable of producing clearing was termed the lipase titer.
pH Optimum
The optimum pH for each preparation was determined by using tributyrin and Mazola corn oil emulsions. An emulsion was prepared by homogenizing 2.0 ml of the substrate, 100 ml of 1.25% gum acacia (warmed to 45 C) and 6.0 ml of 1% CaC12 for 5 min in a Waring Blender. After adjusting the pH of the emulsion to 7.0 with 1% KOH, 5.4 ml of the emulsion was transferred to 150 ml x 15 mm screw-capped test tubes. The emulsion in each tube was buffered at the appropriate pH by adding 2.6 ml of Universal Buffer (10, 11) . For the assay, 10-100 mg of an acetone powder was mixed with 1.0 ml of 0.025 N NH4OH. The lipase suspension was then added to the emulsion. The tributyrin emulsion was incubated for 15 min to 24 hr, while the corn oil emulsion was incubated for 6 to 48 hr. The reaction was stopped by adding 1.0 ml of 20% H 2sO4. The fatty acids were extracted with 15 ml of diethyl ether-methanol (2:1 v/v). A 5.0 ml aliquot of the organic layer was removed and mixed with 50 ml of methanol. The fatty acids were titrated with .01 N NaOH to an end point of pH 9.0, using the Beckman Model K automatic titrator.
E lectrophoresis
The acetone powder extract was prepared by mixing 80 mg of the powder with 1.0 ml of .025 N NH4OH. The sample was prepared for disc-gel electrophoresis by mixing 30-40 /~1 of the acetone powder extract with 460-470/~1 of water and 500 /~1 undiluted sample gel. Two disc-gel columns were prepared for each sample, according to the instructions given by the Canal Company. The columns were developed by a current of 2.5 ma per column, using the Canal Company Model 1400 constant rate source. Following the electrophoresis, the gels were removed from the glass tubes. One column was stained, while the other column, containing the same sample as the first, was placed on tributyrin agar, covered with a glass plate, which gently pressed the gel column against the agar, and incubated at 37 C. After 10 to 18 hr, active fractions were indicated by clear zones on the tributyrin agar. 
Positional Specificity
Emulsions were prepared as described for the determination of the pH optimum, except that 1.8 g of cocoa butter or lard or 2.0 ml of corn oil were used for each 100 ml of 1.25% gum acacia. The emulsion was buffered at the pH corresponding to the pH optimum of the particular preparation. After the acetone powder (10 mg/1.0 ml .025 N NH4OH) was added, the mixture was agitated for 2-5 min in a water bath at 37 C. The reaction was stopped, and lipids were extracted as described previously. The fatty acids were separated from the glycerides by a hexane-0.5% aqueous Na2CO 3 extraction (12) . The free fatty acids were recovered and converted to methyl esters (13) . Samples of the whole fat were also converted to methyl esters. The fatty acid composition was determined by gas chromatography by using 15% ethylene glycol succinate on Chromasorb P (45/60 mesh). The carrier gas was helium, and the 6 ft x 0.25 in. column was maintained at 185 C.
RESULTS AND DISCUSSION
The animals selected for study, the pH optima exhibited by the acetone powders, and the digestive organs studied are shown in Table  I . In all instances, the activity of the animal lipases was greater when the short chain triglyceride, tributyrin, was used as the substrate than when a long chain triglyceride, corn oil, ,was used. This finding is consistent with the observations of other workers (2, 14) . Of all the lipases investigated, three exhibited more than one pH optimum. The lipolytic activity shown by the preparations isolated from the invertebrates was considerably less than the activity shown by the pancreatic lipases. Four preparations (shark, sea star, sea cucumber and anemone) did not hydrolyze corn oil. These four were assayed with lard and 1-monoolein substrates. None of them showed any activity with lard, and only the shark pancreatic extract showed any activity with 1-monoolein. Probably these preparations contain esterases active against soluble or partially soluble substrates such as tributyrin but inactive against emulsified substrates such as corn oil. Presumably these species do have lipases, but their lipase may be inactivated by the preparation method or inactive against gum acacia emulsions. Of all the pancreatic preparations only shark contained no lipase. Perhaps sharks produce digestive lipase in some other organ. The sea squirt yielded an unusual lipase active against corn oil but inactive against tributyrin.
The electrophoretic results are shown in Table II . In all instances, bands whose positions corresponded with the areas of clearing produced by the unstained columns on tributyrin agar could be located in the stained gel columns. A few preparations possessed two active fractions on tributyrin agar. In these instances, the active protein fraction located nearer the origin on the gel column possessed the greater activity. Those preparations containing two active bands may contain significant amounts of two lipases, although it is likely that one of the active bands may be an esterase active against the partly soluble tributyrin. This is especially probable for the chicken and turtle preparations which also show large differences in the pH optima for tributyrin and corn oil. Earthworm gut contains two active bands and shows two pH optima against corn oil, so this preparation probably contains two lipases. One may have come from the gut contents.
The natural fats, cocoa butter and lard, were employed as substrates in the determination of the positional specificity of all the lipases in this study. Cocoa butter has been shown to contain almost exclusively oleic acid on the t3 position and mostly stearic and palmitic on the a positions (15) . Lard is unique among the naturally occurring fats in that palmitic acid, a saturated fatty acid, is found almost exclusively on the 2 position of the triglycerides in this fat (15) . In the specificity studies, hog pancreatic lipase was used as a reference because this particular lipase has been well characterized in regard to its positional specificity (16) . The relative percentages of fatty acids hydrolyzed from cocoa butter and lard by the lipase preparations are shown in Tables III and IV, respectively. As long as the time was kept short, the percentage of fatty acids released did not change significantly with hydrolysis time, indicating that the system was measuring the specificity on the original substrate. The times reported were selected to give as short a reaction time as possible consistent with sufficient hydrolysis for accurate measurements. The percentages of all the fatty acids released by the pancreatic lipases were all similar, showing a strong discrimination against the oleyl group on the 2 position of cocoa butter and the palmityl group on the 2 position of lard. This indicates that they have a high specificity for the I and 3 positions of triglycerides similar to that already established for hog pancreatic lipase. The invertebrate lipases showed no evidence of such a positional specificity.
In some instances there appeared to be acyl group preferences as well as positional specificities. In cocoa butter some lipases released significantly more palmitic acid than stearic acid although they are both on the 1 and 3 positions. In lard, the invertebrate lipases appeared to discriminate against linoleyl groups for these lipases released less linoleic acid than other acids that are concentrated on the same (1 and 3) positions. These lipases were also tested against corn oil in which the linoleyl group is concentrated on the 2 position. The results in Table V show that there was again a slight discrimination against linoleyl groups.
These results suggest that the digestive lipases of the lower animals have little positional specificity, although they may possess weak acyl group specificity. With the development of vertebrates, the pancreas appeared as a specialized tissue. Apparently the strong 1,3-specificity of the digestive lipases began with their production in the pancreas. The lack of activity of shark pancreas may indicate that the pancreas of some of the lower vertebrates do not have the function of lipase production.
